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(54) A circuit arrangement for generating signals with different phases 



(57) The invention relates to a circuit arrangement 
for generating two signals having a phase difference of 
approximately 90 degrees. The invention is preferably 
applied in the demodulator of a radio receiver. In order 
to shift the phase of a signal one idea of the invention 
is to use a distributed resistance/capacitance circuit or 
a distributed RC circuit (Z 10 , Z 20 ) in connection with a 
signal amplifying means (A v A 2 ). The operation of the 
circuit is not frequency dependent and a circuit adjust- 



ment is not necessarily required in order to calibrate the 
phase difference, because the distributed RC circuit can 
provide an substantially constant phase shift of ±45 de- 
grees over a wide frequency range. The whole circuit 
can be integrated into one component, because a dis- 
tributed RC circuit is easily made on the same integrated 
circuit substrate as the amplifying means, and thus the 
circuits can be made into a small size and at low man- 
ufacturing costs. 
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Description 

The invention relates to a circuit arrangement for 
generating two signals having a phase difference of ap- 
proximately 90 degrees. The invention is preferably ap- s 
plied in the modulator of a radio transmitter and/or in the 
demodulator of a radio receiver to generate the in-phase 
signal (I) and the quadrature signal (Q). 

In radio receivers it is common to use a so called I- 
Q demodulator, where either the intermediate frequency io 
signal or the local oscillator signal is divided into two sig- 
nals having a phase difference of 90 degrees. The mod- 
ulation methods are generally described i.a. in the fol- 
lowing publications: [1] Seppo J. Halme, Televi- 
estintajarjestelmat (Telecommunication Systems), is 
1 992, Otatieto Oy, Espoo; and [2] Edward A. Lee, David 
G. Messershmitt, Digital Communication, 1990, Kluwer 
Academic Publishers, Boston. 

In order to generate signals with different phases it 
is previously known to use i.a. passive RC circuits (fig- 20 
ure 1) and divider circuits (figure 2) comprising discrete 
resistances and capacitances. The solution illustrated 
in figure 1 has RC circuits in two signal branches, where- 
by the first RC circuit R1-C1 creates a negative phase 
difference and the second RC circuit R2-C2 creates a 2s 
positive phase difference regarding the input signal, so 
that with a suitable component design provides the de- 
sired phase difference between the output signals of the 
two signal branches. The above-mentioned RC circuits 
are used for substantially sinusoidal signals, because 30 
the desired phase difference is obtained only on a very 
narrow frequency range. 

The solution embodied with RC circuits has a dis- 
advantage in that it requires very accurate component 
values and small variations between individual compo- 35 
nents, and these characteristics are very difficult to ob- 
tain, particularly regarding resistors and capacitors in in- 
tegrated circuits. If the required very low tolerances are 
not met, then the phase difference is not 90 degrees with 
a sufficient precision and the output signal amplitudes 40 
have a too large difference. An alternative is to use ad- 
justable components, but an adjustment operation like 
this for each device causes substantial extra costs in the 
production of the devices. The solution realized with an 
RC circuit also has a disadvantage in that the phase dif- *5 
ference and the output amplitude depend on the oper- 
ating frequency and on the load. 

In order to reduce the problems with RC circuits it 
is known to use a circuit arrangement, in which the ca- 
pacitance C of the RC circuit is formed, at least partly, so 
by a capacitance diode, and in which the phase differ- 
ence is adjusted by controlling the voltage of the capac- 
itance diode and thus its capacitance, e.g. with the aid 
of a processor and a D/A converter. The advantage of 
this solution is that the phase can be controlled auto- ss 
matically. but a disadvantage is the extra cost intro- 
duced by the controllable components. Further it is not 
easy to realize the entire circuit as an integrated circuit 



on semiconductor, such as silicon. 

The solution shown in figure 2 for generating signals 
with different phases comprises a threshold means S 
and two bistable dividers F1 and F2. The output of the 
first divider circuit F1 changes its state at the rising edge 
of the input signal and the output of the second divider 
circuit F2 changes its state at the falling edge of the input 
signal, which creates a phase difference of 90 degrees 
between the output signals. The solution realized with 
divider circuits can be used only in connection with dig- 
ital signals. The solution has also a disadvantage in that 
the signal frequency is halved, which requires the use 
of an input signal with double frequency. When high fre- 
quency signals are used it may be inconvenient to gen- 
erate the double frequency i.a. due to the restricted op- 
erating frequencies of the components. If the circuit shall 
create an accurate phase difference it further requires 
that the pulse ratio of the input signal is exactly 50 %. 

Further it is known to generate a phase difference 
of 90 degrees using frequency multiplier, inverter and 
divider circuits. Then the frequency of the input signal is 
multiplied by two, the resulting signal is divided by two 
in the first signal branch (I), and correspondingly, in the 
second signal branch (Q) it is inverted and the frequency 
of the inverted signal is divided by two. The signals thus 
obtained have a phase difference of 90 degrees, if the 
performed operations were ideal. However, in practice 
there occurs phase delays in the signal path, so that it 
is very difficult to obtain a sufficiently accurate phase 
difference. Further the frequency multiplier and divider 
circuits consume a substantial amount of supply energy, 
which will shorten the operating time in battery and ac- 
cumulator powered equipment. 

The l/Q-demodulator solutions currently used for in- 
stance in digital radiotelephones require the use of a 
manually adjustable trimmer resistor or trimmer capac- 
itor to control the phasing of the l/Q injection signals con- 
trolling the demodulator, because the components in the 
circuit have values varying within certain tolerances 
from one individual to the other. The trimmers cause ex- 
tra costs in the production, further their adjustment is 
inconvenient, and mechanically adjustable components 
are also more unreliable when compared to fixed com- 
ponents. 

The object of the present invention is to provide a 
circuit arrangement for generating signals with different 
phases, in which the above stated disadvantages are 
solved. 

An idea of the invention is that a distributed resist- 
ance/capacitance circuit or a distributed RC circuit to- 
gether with a signal amplifying component is used to 
shift the phase of a signal Because a distributed RC 
circuit can provide an substantially constant phase shift 
on a wide frequency range its function is not frequency 
dependent, and it does not necessarily require an ad- 
justment in order to obtain the desired phase shift. Be- 
cause a distributed RC circuit can easily be made on the 
same integrated circuit substrate as the amplifying 
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means, the whole arrangement can be integrated in one 
component, and thus the circuits can be made in a small 
volume and at low manufacturing costs. 

Here a distributed RC circuit means a circuit in 
which the resistance and capacitance are substantially 
distributed, and which has an equivalent circuit substan- 
tially according to figure 3. The equivalent circuit com- 
prises an infinite number of resistors R31, R32 f R33, 
R34, ... connected in series, and capacitors C31 , C32, 
C33, ... connected to the junctions between the resistors 
and whose otherterminals are interconnected. Then the 
distributed RC circuit is formed between the first termi- 
nal A of the first resistor and the common terminal point 
B of the capacitors. 

Figure 4 shows schematically one solution for the 
embodiment of a distributed RC circuit. There a film-like 
resistor 42 is made on a dielectric film 41 , whereby the 
resistor has contact points 42a and 42b. The resistance 
film Is located on a conducting base material 43, e.g. a 
metal film forming a constant potential level. The capac- 
itance created by the dielectric film is distributed in the 
x direction over the whole length of the resistance film. 
For an alternating electric field the structure according 
to figure 4 is thus not a resistance nor a capacitance, 
but a so called distributed RC circuit. 

In a known way it can be shown that in a distributed 
RC circuit the impedance between one end of the re- 
sistance film and the constant potential level is, with a 
very high accuracy: 




when the frequency is substantially higher than 1/ 
(27iRC). Then the phase angle generated by it is sub- 
stantially 45 degrees, irrespective of the operating fre- 
quency, as for instance the phase shift of an RC circuit 
formed by a discrete resistance and capacitance is 45 
degrees at one frequency only. In practice a distributed 
RC circuit can be formed for instance by a resistance 
film having a relatively high capacitance. 

The circuit arrangement according to the invention 
for generating two signals from substantially the same 
input signal, whereby the circuit arrangement contains 
a first phase shift circuit comprising a first active means 
and a second phase shift circuit comprising a second 
active means, the phase shift circuits having a common 
input, and whereby the first phase difference between 
the output signal of the first phase shift circuit and said 
input signal is substantially-45 degrees, and whereby 
the second phase difference between the output signal 
of the second phase shift circuit and said input signal is 
substantially +45 degrees, is characterized in that said 
first phase shift circuit comprises a first distributed RC 
circuit operating as a feedback means in order to gen- 
erate said first phase difference, and that said second 
phase shift circuit comprises a second substantially dis- 
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tributed RC circuit in series on the signal path in order 
to generate said second phase difference. 

Preferred embodiments of the invention are pre- 
sented in the dependent claims. 

Below the invention is described in more detail with 
the aid of the enclosed drawings, in which: 

figure 1 shows a prior art practice for generating sig- 
nals with different phases with the aid of RC circuits; 

figure 2 shows a prior art mode of generating sig- 
nals with different phases using divider circuits; 

. figure 3 shows the equivalent circuit of a distributed 
RC circuit; 

figure 4 shows one way to realize a distributed RC 
circuit; 

figure 5 shows the principle of a circuit arrangement 
according to the invention for generating signals 
with different phases; and 

figure 6 shows as a circuit diagram one circuit ar- 
rangement according to the invention for generating 
signals with different phases. 

Figures 1 and 2 illustrate schematically two prior art 
circuit solutions for generating signals with different 
phases, which were generally described already in the 
introduction. As mentioned above, the known solutions 
are accompanied by operating restrictions and prob- 
lems in attaining sufficiently high specifications at rea- 
sonable manufacturing costs. The distributed RC circuit 
shown in figures 3 and 4 was also described above. Be- 
low we first present the operating principle of the circuit 
arrangement according to the invention with the aid of 
figure 5, and then in more detail one circuit arrangement 
according to the invention as well as details regarding 
its embodiment with reference to figure 6. 

Figure 5 shows at a basic level one circuit solution 
according to the invention. It comprises two phase shift 
circuits, which as active means have differential ampli- 
fiers At and A 2 , which are connected as inverting am- 
plifiers by connecting the positive inputs {+) to the zero 
potential, and by connecting the output of amplifier A n 
through the impedance Z 10 and the output of amplifier 
Ag through the impedance as feedbacks to the invert- 
ing inputs (-). The input signal is connected through the 
impedance to the inverting input (-) of amplifier A n 
and through the impedance Z20 to the inverting input (-) 
of amplifier A 2 . The impedances Z-, and Z 2 are substan- 
tially resistances, and the impedances Z 10 and Z20 are 
distributed RC circuits. 

Next we examine the transfer function G1 of the 
phase shift circuit comprising the components 
and Z 10 , and the transfer function G2 of the phase shift 
circuit comprising the components A^ Z 2 and Z 20 . When 
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we assume that the amplifiers A-, and A 2 have an infinite 
gain A, we obtain: 



r 20 



(2) 



(3) 



where Y^ = 1/Z 1f Y 10 = 1/Z 10 , Y 2 = 1/Z 2 and Y 20 = 1/Z 20 . 
If we assume that Y, = Y 2 and Y 10 = Y 20 , the ratio of the 
output signals is obtained as: 



^10*20 



IN 



< -90° 



(4) 



When we observe the finite gain A, then: 



(^10-^1) 



(5) 



In the formula (5) we can see that when the gain A 
is high it gives approximately the same result as the for- 
mula (4) above. The phase difference of the signals ob- 
tained from the outputs L 1 and L2 of the phase shift 
circuits is thus substantially90 degrees, the phase dif- 
ference of the signal obtained from output L 1 being -45 
degrees, and the phase difference of the signal obtained 
from output L2 being +45 degrees, compared to the 
phase of the input signal. 

Next we examine the order of magnitude of the com- 
ponent values in the circuit arrangement according to 
figure 5. For example, if the resistive component R 10 of 
the impedance Z 10 of the distributed RC circuit is 1 kQ, 
and if the lower limiting frequency f of the RC circuit is 
defined as 50 MHz, then the capacitive component C 10 
of the distributed RC circuit Z 10 is approximately C 10 = 
1/(27i/R) = 3...5pF 

Figure 6 shows as a circuit diagram one circuit ar- 
rangement according to the invention, in which the bi- 
polar transistors T, and T 2 act as the active means. In 
the first phase shift circuit the input signal is connected 
to the base of transistor T-, through the impedance in 
series with the signal line. Between the collector and the 
base of the transistor T, the impedance Z 10 , which is a 
distributed RC circuit, acts as the feedback means. In 
order to set the operating point of the transistor circuit a 
resistor R 1 is connected from the collector of transistor 
T, to the supply voltage V^, and a resistor R3 from the 
emitter of transistor T, to the zero potential. The output 
signal is obtained at output L 1 from the collector of tran- 



sistor T n through the capacitor C 1t which acts as a dc 
voltage barrier. 

In the first phase shift circuit of the circuit arrange- 
ment according to figure 6 the feedback impedance Z 10 
5 is a distributed RC circuit and the impedance Z 1 in series 
in the signal line is substantially resistive. Thus the func- 
tion of the circuit corresponds to the function of the first 
phase shift circuit in figure 5, and the output L1 provides 
a signal having a phase shift of -45 degrees compared 

10 to the input signal. 

In the circuit arrangement according to figure 6 the 
second phase shift circuit corresponds to the first phase 
shift circuit in other respects, but the input signal is sup- 
plied to the transistor T 2 through a distributed RC circuit 

75 ^20' and an substantially resistive component Z 2 acts as 
the feedback component. In order to set the operating 
point of the transistor T 2 the second phase shift circuit 
has resistors R2 and R 4 , and in order to separate dc 
voltage from the signal at the output L2 there is a ca- 

20 pacitor C2 in the circuit. The function of the second 
phase shift circuit corresponds to that of the second 
phase shift circuit in the circuit arrangement according 
to figure 4, so that the phase difference of the signal ob- 
tained at the output L2 is substantially +45 degrees com- 

25 pared to that of the input signal. 

In the circuit arrangement according to the invention 
the active means can be a bipolar transistor or a MOS 
transistor, for instance. The transition frequency f T of the 
transistor should be at least about ten times the operat- 

30 ing frequency of the phase shift circuit. The circuit ar- 
rangement according to the invention is most advanta- 
geous when it operates in the frequency range 0.5 to 
2.0 GHz, whereby the required transition frequency of 
the transistor is about 25 GHz. 

35 Preferably the resistors and Zg should have a low 
spurious capacity, so that their impedance is substan- 
tially resistive. A high quality resistor of this kind can be 
realized by a thin film resistor, for instance, which can 
be made e.g. on the semiconductor chip integrating the 

40 active parts. 

The distributed resistors Z 10 and Z20 can be e.g. a 
resistive film having a high capacitance. Preferably this 
is realized with a so called polysilicon process, which 
provides a Metal-Insulator-Semiconductor (MIS) capac- 

45 itance. 

Numerous advantages can be attained with the cir- 
cuit arrangement according to the invention as com- 
pared to previously known solutions. The circuit ar- 
rangement according to the invention provides signals 

50 having a phase difference, which is very accurately 90 
degrees on a wide operating frequency range, for in- 
stance so that the operating frequency spans the whole 
frequency range of 1 to 2 GHz. Further there are no par- 
ticularly stringent requirements on the characteristics of 

55 the components in the circuit arrangement according to 
the invention. Neither is the circuit arrangement sensi- 
tive to variations in temperature or load. Using the circuit 
arrangement according to the invention requires no 
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manually adjustable trimmer components tor the adjust- 
ment of the phase difference between the signals, so 
that lor instance the modulator of a transmitter and/or 
the demodulator of a receiver can be manufactured by 
mass-production methods saving manufacturing costs 
compared to prior art methods- 
There is no need to process the I and Q signals as 
individual signals outside the integrated circuit, because 
the circuit according to the invention can be integrated 
on one silicon chip. Advantageously the phase shift cir- 
cuit can be integrated in a mixer of the Gilbert cell type, 
for instance. The phase error due to signal transmission 
or the coupling of interference can be minimized when 
the I and Q components are generated close to those 
circuits where they are used, such as close to the mixers 
or multipliers. 

With the circuit arrangement according to the inven- 
tion it is also possible to obtain a very good internal sig- 
nal matching when the so called Miller capacitance of 
the transistor is made as a distributed capacitance. This 
is based on the fact that in a bipolar transistor the base 
is then a distributed resistor and the collector a distrib- 
uted capacitance, whereby it is possible to have an al- 
most perfect matching between the transistor and the 
distributed RC circuit at the transistor base, if the imped- 
ances of the distributed RC circuit and the transistor are 
dimensioned to be equally high. Then all power at the 
distributed RC circuit terminal is optimally coupled to the 
transistor base, and not reflected back, for instance. 

Because the circuit arrangement according to the 
invention operates on a wide frequency range it can also 
be used to generate the phase shifted components of 
the received or transmitted RF signal, instead of the lo- 
cal oscillator signal or in addition to it. 

The detailed dimensioning of the circuit according 
to the invention for a transmitter or a receiver is not de- 
scribed in more detail, because that is considered com- 
mon knowledge to a person skilled in the art and readily 
applicable after reading this description. 

Above we presented a few applications of the circuit 
arrangement according to the invention. Naturally the 
inventive principles can be varied within the scope of the 
claims, regarding e.g. structural details and application 
areas. 



Claims 

1. A circuit arrangement for generating two signals 
from substantially the same input signal, whereby 
the circuit arrangement contains a first phase shift 
circuit comprising a first active means (A n , T n ) and 
a second phase shift circuit comprising a second 
active means (A^ T 2 ), the phase shift circuits hav- 
~ ing a common input (INPUT), and whereby the first 
phase difference between the output signal (L1 ) of 
the first phase shift circuit and said input signal is 
substantially -45 degrees, and whereby the second 
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phase difference between the output signal (L2) of 
the second phase shift circuit and said input signal 
is substantially +45 degrees, characterized in that 
said first phase shift circuit comprises a first distrib- 
s uted RC circuit (Z 10 ) operating as a feedback 

means in order to generate said first phase differ- 
ence, and that said second phase shift circuit com- 
prises a second substantially distributed RC circuit 
(Z20) >n series on the signal path in order to generate 
said second phase difference. 

2. A circuit arrangement according to claim 1 , charac- 
terized in that said first phase shift circuit comprises 
a first substantially resistive means (Z-,) for supply- 
ing said input signal to said first active means (A,, 

3. A circuit arrangement according to claim 1 or 2, 
characterized in that said second phase shift cir- 
cuit comprises a second substantially resistive 
means (Z 2 ) acting as a feedback means. 

4. A circuit arrangement according to claim 2 and 3, 
characterized in that said substantially resistive 
means (Z^ , Z 2 ) have approximately equally high re- 
sistances. 

5. A circuit arrangement according to any previous 
claim, characterized in that said distributed RC cir- 
cuits (Z 10 , Zgo) have approximately equally high im- 
pedances. 

6. A circuit arrangement according to any previous 
claim, characterized in that said active means (T 1f 
T 2 ) is a bipolar transistor having an substantially 
distributed Miller capacitance. 

7. A circuit arrangement according to claim 6, charac- 
terized in that said Miller capacitance and the dis- 
tributed RC circuit have approximately equally high 
capacitances. 

8. A circuit arrangement according to any previous 
claim, characterized in that said distributed RC cir- 
cuit is a metal-insulator-semiconductor (MIS). 

9. A circuit arrangement according to any previous 
claim, characterized in that said first phase shift cir- 
cuit and said second phase shift circuit are integrat- 
ed on substantially the same substrate. 

10. The use of a circuit arrangement according to any 
previous claim in the demodulator of a radio receiv- 
er or in the modulator of a transmitter, in order to 
generate the in-phase signal and the quadrature 
signal. 
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(54) A circuit arrangement for generating signals with different phases 



(57) The invention relates to a circuit arrangement 
for generating two signals having a phase difference of 
approximately 90 degrees. The invention is preferably 
applied in the demodulator of a radio receiver. In order 
to shift the phase of a signal one idea of the invention 
is to use a distributed resistance/capacitance circuit or 
a distributed RC circuit (Z 10 , Z 2 o) in connection with a 
signal amplifying means (A lf A2). The operation of the 
circuit is not frequency dependent and a circuit adjust- 



ment is not necessarily required in order to calibrate the 
phase difference, because the distributed RC circuit can 
provide an substantially constant phase shift of ±45 de- 
grees over a wide frequency range. The whole circuit 
can be integrated into one component, because a dis- 
tributed RC circuit is easily made on the same integrated 
circuit substrate as the amplifying means, and thus the 
circuits can be made into a small size and at low man- 
ufacturing costs. 
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